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1
METHODS OF PATTERNING SUBSTRATES

TECHNICAL FIELD

Embodiments disclosed herein pertain to methods of pat-
terning substrates.

BACKGROUND

Integrated circuits are often formed on a semiconductor
substrate such as a silicon wafer or other semiconductive
material. In general, various materials which are semiconduc-
tive, conductive, or electrically insulative are used to form the
integrated circuits. By way of examples, the various materials
may be doped, ion implanted, deposited, etched, grown, etc.
using various processes. A continuing goal in semiconductive
processing is to reduce the size of individual electronic com-
ponents, thereby enabling smaller and denser integrated cir-
cuitry.

One technique for patterning and processing semiconduc-
tor substrates is photolithography. Such includes deposition
of a patternable masking layer commonly known as photore-
sist. These materials can be processed to modify their solu-
bility in certain solvents, and are thereby readily usable to
form patterns on a substrate. For example, portions of a pho-
toresist layer can be exposed to actinic energy through open-
ings in a radiation-patterning tool, such as a mask or reticle, to
change the solvent solubility of the exposed regions versus
the unexposed regions compared to the solubility in the as-
deposited state. Thereafter, the exposed or unexposed regions
can be removed, depending on the type of photoresist, to leave
amasking pattern of the photoresist on the substrate. Adjacent
areas of the underlying substrate next to the masked portions
can be processed, for example by etching or ion implanting, to
effect the desired processing of the substrate adjacent the
masking material. In certain instances, multiple different lay-
ers of photoresist and/or a combination of photoresists with
non-radiation sensitive masking materials are used. Further,
patterns may be formed on substrates without using photore-
sist.

The continual reduction in feature sizes places ever greater
demands on the techniques used to form the features. For
example, photolithography is commonly used to form pat-
terned features such as conductive lines and arrays of contact
openings to underlying circuitry. A concept commonly
referred to as “pitch” can be used to describe the sizes of
repeating features in conjunction with spaces immediately
adjacent thereto. Pitch may be defined as the distance
between an identical point in two neighboring features of a
repeating pattern in a straight line cross section, thereby
including the maximum width of the feature and the space to
the next immediately adjacent feature. However, due to fac-
tors such as optics and light or radiation wavelength, photo-
lithography techniques tend to have a minimum pitch below
which a particular photolithographic technique cannot reli-
ably form features. Thus, minimum pitch of a photolitho-
graphic technique is an obstacle to continued feature size
reduction using photolithography.

Pitch doubling or pitch multiplication is one proposed
method for extending the capabilities of photolithographic
techniques beyond their minimum pitch. Such typically
forms features narrower than minimum photolithography
resolution by depositing one or more spacer-forming layers to
have a total lateral thickness which is less than that of the
minimum capable photolithographic feature size. The spacer-
forming layers are commonly anisotropically etched to form
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sub-lithographic features, and then the features which were
formed at the minimum photolithographic feature size are
etched from the substrate.

Using such technique where pitch is actually halved, the
reduction in pitch is conventionally referred to as pitch fre-
quency “doubling”. More generally, “pitch frequency multi-
plication” encompasses increase in pitch of two or more
times, and also of fractional values other than integers. Thus,
multiplication of pitch frequency by a certain factor actually
involves reducing the pitch by that factor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic, cross-sectional view of substrate
fragment in process in accordance with an embodiment of the
invention.

FIG. 2 is aview ofthe FIG. 1 substrate at a processing stage
subsequent to that of FIG. 1.

FIG. 3 is aview of the FIG. 2 substrate at a processing stage
subsequent to that of FIG. 2.

FIG. 4 is aview ofthe FIG. 3 substrate at a processing stage
subsequent to that of FIG. 3.

FIG. 5 is aview ofthe FIG. 4 substrate at a processing stage
subsequent to that of FIG. 4.

FIG. 6 is a view of the FIG. 5 substrate at a processing stage
subsequent to that of FIG. 5.

FIG. 7 is aview ofthe FIG. 6 substrate at a processing stage
subsequent to that of FIG. 6.

FIG. 8 is a view of the FIG. 7 substrate at a processing stage
subsequent to that of FIG. 7.

FIG. 9 is a diagrammatic, cross-sectional view of substrate
fragment in process in accordance with an embodiment of the
invention.

FIG. 10 is a diagrammatic, cross-sectional view of sub-
strate fragment in process in accordance with an embodiment
of the invention.

FIG. 11 is a view of the FIG.
stage subsequent to that of FIG.

FIG. 12 is a view of the FIG.
stage subsequent to that of FIG.

FIG. 13 is a view of the FIG.
stage subsequent to that of FIG.

FIG. 14 is a view of the FIG. 13 substrate at a processing
stage subsequent to that of FIG. 13.

FIG. 15 is a diagrammatic, cross-sectional view of sub-
strate fragment in process in accordance with an embodiment
of the invention.

FIG. 16 is a diagrammatic, cross-sectional view of sub-
strate fragment in process in accordance with an embodiment
of the invention.

FIG. 17 is a diagrammatic, cross-sectional view of sub-
strate fragment in process in accordance with an embodiment
of the invention.

FIG. 18 is a view of the FIG. 17 substrate at a processing
stage subsequent to that of FIG. 17.

FIG. 19 is a view of the FIG. 18 substrate at a processing
stage subsequent to that of FIG. 18.

FIG. 20 is a view of the FIG. 19 substrate at a processing
stage subsequent to that of FIG. 19.

FIG. 21 is a diagrammatic, cross-sectional view of sub-
strate fragment in process in accordance with an embodiment
of the invention.

FIG. 22 is a view of the FIG. 21 substrate at a processing
stage subsequent to that of FIG. 21.

FIG. 23 is a diagrammatic, cross-sectional view of sub-
strate fragment in process in accordance with an embodiment
of the invention.

10 substrate at a processing
10.
11 substrate at a processing
11.
12 substrate at a processing
12.
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FIG. 24 is a view of the FIG. 23 substrate at a processing
stage subsequent to that of FIG. 23.

FIG. 25 is a view of the FIG. 24 substrate at a processing
stage subsequent to that of FIG. 24.

FIG. 26 is a view of the FIG. 25 substrate at a processing
stage subsequent to that of FIG. 25.

FIG. 27 is a diagrammatic, cross-sectional view of sub-
strate fragment in process in accordance with an embodiment
of the invention.

FIG. 28 is a view of the FIG. 27 substrate at a processing
stage subsequent to that of FIG. 27.

FIG. 29 is a diagrammatic, cross-sectional view of sub-
strate fragment in process in accordance with an embodiment
of the invention.

FIG. 30 is a view of the FIG. 29 substrate at a processing
stage subsequent to that of FIG. 29.

FIG. 31 is a view of the FIG. 30 substrate at a processing
stage subsequent to that of FIG. 30.

FIG. 32 is a diagrammatic, cross-sectional view of sub-
strate fragment in process in accordance with an embodiment
of the invention.

FIG. 33 is a view of the FIG. 32 substrate at a processing
stage subsequent to that of FIG. 32.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

Initial example methods of forming a pattern on a substrate
are described with reference to FIGS. 1-7 with respect to a
substrate fragment 10. In the example processing shown by
FIGS. 1-7, pitch frequency tripling will occur although pro-
cessing may be used which achieves other pitch frequency
multiplication, including non-integer pitch frequency multi-
plication.

Referring to FIG. 1, substrate 10 comprises a base substrate
or material 12 having patterned masking material 14 formed
there-over. Substrate 12 may be homogenous or non-homog-
enous, for example comprising multiple different composi-
tion materials and/or layers. As an example, substrate 12 may
comprise bulk-monocrystalline silicon and/or a semiconduc-
tor-on-insulator substrate. As an additional example, such
may comprise dielectric material having conductive contacts
or vias therein which extend vertically or otherwise into con-
ductive electrical connection with electronic device compo-
nents, regions, or material received elevationally inward of
the dielectric material. Substrate 12 may be a semiconductor
substrate. In the context of this document, the term “semicon-
ductor substrate” or “semiconductive substrate” is defined to
mean any construction comprising semiconductive material,
including, but not limited to, bulk semiconductive materials
such as a semiconductive wafer (either alone or in assemblies
comprising other materials thereon), and semiconductive
material layers (either alone or in assemblies comprising
other materials). The term “substrate” refers to any support-
ing structure, including, but not limited to, the semiconduc-
tive substrates described above.

Masking material 14 may be homogenous or non-homog-
enous, and may comprise multiple different composition
materials and/or layers. One example material is photoresist.
Additional materials such as hard-masking materials and
anti-reflective coatings may constitute a part of masking
material 14 and/or substrate 12. FIG. 1 shows masking mate-
rial 14 as having been patterned to form spaced features 16
over substrate 12. Features 16 may be fabricated by any
existing or yet-to-be developed technique. Examples include
lithography, for example photolithography. Where photoli-
thography is used, spaced features 16 may be patterned to be
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at, greater than, or less than the minimum photolithographic
resolution with which substrate 10 is fabricated. Spaced fea-
tures 16 are shown as being equal in size and shape relative
one another and equally spaced relative to each immediately
adjacent feature, although alternate configurations may be
used. As an example, features 16 may be longitudinally elon-
gated into and out of the plane of the page upon which FIG. 1
lies, thereby forming elongated lines having longitudinally
elongated trenches inherently defined between masking
material 14. Alternately as another example, masking mate-
rial 14 may have been patterned such that the depicted spaces
there-between constitute contact openings of a contact open-
ing pattern.

Referring to FIG. 2, spaced features 16 of FIG. 1 have been
processed to laterally trim their respective widths, thereby
forming spaced features 18. The trimming may be conducted
by an isotropic etch which removes material approximately
equally (not shown) from the sides and tops of features 16 of
FIG. 1. Alternately, chemistries and conditions may be used
which tend to etch greater or all material from the sides of
features 16 than from their respective tops, as is shown. Alter-
nately, chemistries and conditions may be used which tend to
etch greater material from the tops of features 16 than from
the sides. Alternately, no lateral or top trimming may be
conducted. As a specific example, the construction shown in
FIG. 2 where masking material 14 comprises photoresist may
be derived by plasma etching the substrate of FIG. 1 within an
inductively coupled reactor. Example etching parameters
include pressure from about 2 mTorr to about 20 mTorr,
source power from about 150 watts to about 500 watts, bias
voltage at less than or equal to about 25 volts, substrate
temperature of from about 0° C. to about 100° C., Cl, and/or
HBr flow from about 20 sccm to about 100 scem, O, flow
from about 5 sccm to about 20 scem, and CF,, flow from about
80 sccm to about 120 scem. In but one example only, the
description proceeds relative to fabrication of a feature pat-
tern on a substrate having a uniform final feature width of
about the minimum lateral width of features 18. Other mini-
mum lateral widths may be used, including non-uniform lat-
eral widths and/or non-uniform spacings between features.

Referring to FIG. 3, a spacer-forming layer 20 has been
formed over features 18. Layer 20 may be homogenous or
non-homogenous, may be sacrificial, and may be formed by
any suitable deposition technique. Example compositions
include silicon dioxide and silicon nitride. In the depicted
example, spacer-forming layer 20 has been deposited to a
thickness that is about equal to the lateral width of features 18.

Referring to FIG. 4, spacer-forming layer 20 has been
subjected to an anisotropic etch to form example spaced first
features 24 over substrate 12. In the depicted example, indi-
vidual spaced first features 24 may be considered as compris-
ing sidewall portions 22 which are of different composition
than material 14 that is laterally between sidewall portions 22.
Alternate processing may be used to form spaced first fea-
tures 24, and sidewall portions 22 need not be of the same
composition. As an additional example embodiment, a mate-
rial deposited over spaced features 18 may react with outer-
most portions of features 18 to form an inorganic silicon
polymer or other material as is described, for example, in U.S.
Patent Application Publication No. 2009/0291397 to Anton
deVilliers which published on Nov. 26, 2009.

Referring to FIG. 5, a mixture 26 of immiscible materials
has been provided between spaced first features 24. Mixture
26 may comprise two or more than two immiscible materials.
Mixture 26 may be amorphous or non-amorphous. Example
immiscible material combinations include a polymer and a
non-polymer; two immiscible non-polymers; two immiscible
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polymers; two immiscible molecular glasses; a polymer or
non-polymer and a molecular glass; etc. Example polymers
include polystyrene, polymethacrylate, polyethylene,
polypropylene, polybutadiene, polyvinylpyridine, polyvinyl-
chloride, etc. A specific example comprises directed self-
assembly (DSA) materials available from JSR Micro of
Sunnyvale, Calif., USA, which contain a blend of a silicon-
containing polymer (e.g., at least 18% by weight) and an
organic polymer. FIG. 5 diagrammatically illustrates mixture
26 as comprising one immiscible material shown with darker
lines upwardly angling to the right, and another immiscible
shown with lighter lines downwardly angling to the right.
Mixture 26 may be provided between spaced first features 24
by any suitable manner, including being spun-on as a liquid
which hardens, by vapor deposition, or by any other existing
or yet-to-be-developed manner.

Referring to FIG. 6, mixture 26 of FIG. 5 has been pro-
cessed to laterally separate at least two of the immiscible
materials along at least one elevation 28 between adjacent
spaced first features 24, for example to form a laterally inter-
mediate region 30 comprising one of the immiscible materi-
als which is received between two laterally outer regions 32
comprising another of the immiscible materials along eleva-
tion 28. In the context of this document, an “elevation” is at
least some continuous vertical thickness of mixture 26, and
“along” is in the lateral direction. The act of laterally sepa-
rating may everywhere laterally separate the one immiscible
material from the another immiscible material as is shown in
FIG. 6 (i.e., there is no elevational overlapping of the two
immiscible materials relative each other). Alternately, the
processing may leave at least two different immiscible mate-
rials which also elevationally overlap one another as will be
described, for example, in additional embodiments below.
Regardless, FIG. 6 shows but one embodiment wherein the
laterally separating forms laterally intermediate regions 30
and laterally outer regions 32 to each have exposed elevation-
ally outermost surfaces 33. FIG. 6 also shows one example
embodiment where the laterally outer regions 32 are directly
against sidewall portions 22. In this document, a material or
structure is “directly against” another when there is at least
some physical touching contact of the stated materials or
structures relative one another. In contrast, “over”, “on”, and
“against” not proceeded by “directly”, encompass “directly
against” as well as constructions where intervening
material(s) or structure(s) result(s) in no physical touching
contact of the stated materials or structures relative one
another.

Example techniques for imparting the lateral separation
(e.g., directed self-assembly) include one or both of suitable
thermal annealing and exposure to a solvent vapor. For
example, a mixture of immiscible silicon polymer and immis-
cible organic polymer might be separated by annealing alone,
such as by exposure to a temperature of at least 100° C. at
ambient pressure for from about 5 seconds to about 120
seconds. A mixture of immiscible molecular glasses or an
immiscible mixture of a molecular glass and a polymer might
be separated by annealing alone at temperatures above room
temperature and below 100° C., as well as at temperatures
above 100° C. As an example using solvent vapor, a suitable
solvent vapor might be introduced into material 26 of FIG. 5
from a vapor phase to lower the glass transition temperature
of one immiscible material in the mixture relative to another
immiscible material in the mixture to impart the lateral sepa-
ration. Such might be conducted at any suitable pressure,
including room ambient, and might be conducted at room
ambient temperature or higher temperatures. I[f vapor is intro-
duced at elevated temperature, separation might be acceler-
ated or imparted by a rapid quench to a lower temperature
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(i.e., at a rate of at least 20° C. per second) after suitable
exposure to the solvent vapor at a higher temperature. A
specific example solvent vapor for lowering glass transition
temperature of a polydimethylsiloxane and polystyrene mate-
rial mixture is toluene.

In one embodiment, the one and another immiscible mate-
rials may have equal surface tensions with respect to an atmo-
sphere in which each is received (i.e., at least initially) during
the processing which produces the lateral separation. The one
and another immiscible materials may have equal interfacial
energies (e.g., wetting tendency) with respect to a base 23
(FIG. 4) between the adjacent spaced first features on which
mixture 26 lies. The another immiscible material may have
lower interfacial energy (e.g., greater wetting tendency) with
respect to sidewalls of sidewall portions 22 than does the one
immiscible material. These facets may facilitate producing
entirely laterally separated regions having no elevational
overlap where that is desired and as is shown in FIG. 6 in but
one example.

Referring to FIG. 7, laterally outer regions 32 (not shown)
and material 14 (not shown) between sidewall portions 22
have been removed to form a pattern 35 of spaced second
features 34 over substrate 12. An example removing tech-
nique is chemical etching whereby materials 14 and 32 of
FIG. 6 are etched selectively (i.e., at a removal rate of at least
2:1) relative to materials 22, 30 and 12. Such may occur
substantially commensurately, for example using a single
etching chemistry. Alternately as an example, the etching may
occur in separate etching steps using different chemistries.

Pattern 35 formed over substrate 10 may or may not com-
prise a part of the finished construction of substrate 10. Fur-
ther and regardless, pattern 35 may be subsequently modified,
for example by laterally trimming or deposition of further
material thereover, and including repeating processing with
the same or another mixture of immiscible materials. Regard-
less, FIG. 7 shows an example embodiment wherein second
features 34 of pattern 35 have equal maximum lateral widths
and equal spacing there-between which are the same as those
maximum lateral widths. Alternate widths, width profiles,
and spacings may be used, including those which are not
necessarily uniform or consistent.

Embodiments of the invention also comprise processing
the substrate through a mask pattern which comprises spaced
second features 34. FI1G. 8 depicts one such example wherein
substrate 10 has been processed by etching through a mask
pattern comprised of pattern 35 to etch into material 12. Any
alternate existing or yet-to-be-developed processing might
also or alternately be conducted, for example doping, ion
implanting, selective deposition, etc.

Example mixture 26 as shown in FIG. 5 may comprise
equal or unequal volumes of the one and another immiscible
materials therein. FIG. 6 essentially shows an example
wherein the volume of the another immiscible material rep-
resented by the lighter lines downwardly angling to the right
is twice that of the one immiscible material represented by the
darker lines upwardly angling to the right (i.e., a 2:1 volume
ratio), whereby lateral portions 30 and 32 are of the same
respective volumes and lateral widths. FIG. 9 shows an alter-
nate example embodiment substrate 10a. Like numerals from
the first-described embodiment have been used where appro-
priate, with some construction differences being indicated
with the suffix “a”. With respect to an embodiment to produce
the FIG. 9 construction, a mixture (not shown) of immiscible
materials of FIG. 5 may be initially provided which com-
prises equal volumes of the one and another immiscible mate-
rials. Therefore in FIG. 9, the separated volume of laterally
intermediate region 30q is equivalent to the sum of the vol-
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umes of the separated two laterally outer regions 32a. Pro-
cessing may occur subsequently as described with respect to
FIGS. 7 and 8. Processing alternate and/or additionally to that
of FIGS. 7 and/or 8 might be conducted with respect to FIG.
9 and as well as with all other embodiments described below.

Additional methods of patterning a substrate in accordance
with embodiments of the invention are next described ini-
tially with reference to FIGS. 10-13 with respect to a substrate
105. Like numerals from the above-described embodiments
have been used where appropriate, with some construction
differences being indicated with the suffix “b” or with difter-
ent numerals. FIG. 10 shows substrate 1056 as comprising
spaced first features 245 not necessarily comprising sidewall
portions of different composition than material that is later-
ally between the sidewall portions as was described with
respect to the embodiments of FIGS. 1-9. However, spaced
first features 245 may be the same as that described above
with respect to FIG. 4. Regardless, spaced first features 245
may be considered as comprising sidewalls 25.

Referring to FIG. 11, sidewalls 25 of spaced first features
245 have been treated to change interfacial energy (e.g., wet-
ting tendency) of one immiscible material relative to such
sidewalls in comparison to interfacial energy (e.g., wetting
tendency) of another immiscible material relative to such
sidewalls. The treating is depicted in FIG. 11 by thickening of
the FIG. 10 perimeter line defining first features 245. The
treating may deposit a material onto sidewalls 25, or the
treating may not deposit material onto the sidewalls. Regard-
less, in one embodiment, the treating may increase the inter-
facial energy of the one or another immiscible material rela-
tive to sidewalls 25. In one embodiment, the treating may
decrease the interfacial energy of the one or another immis-
cible material relative to sidewalls 25. The treating may com-
prise exposing the sidewalls to liquid and/or vapor. With
respect to the embodiments of FIGS. 1-9, the treating may
occur of the FIG. 4 substrate prior to providing the mixture 26
of immiscible materials of FIG. 5. The treating may impact
(not shown) interfacial energy of the one and/or another
immiscible material relative to bases 23 between immediately
adjacent spaced first features 245. One example treating
includes exposing sidewalls 25 to a hexamethyldisilazane
fluid (e.g., vapor and/or liquid) at from about 120° C. to about
180° C. at ambient pressure for from about 30 seconds to
about 60 seconds. As an example, such may have the effect of
lowering interfacial energy of a polydimethylsiloxane poly-
mer with respect to untreated silicon oxynitride sidewalls. As
alternate examples, a self-assembling monolayer material
(e.g., an alkyl trichlorosilane) or a polymer brush material
(e.g., hydroxylated polystyrene) may be applied as a layer
over the sidewalls.

Referring to FIG. 12, a mixture 26 comprising the one and
another immiscible materials has been provided between the
spaced first features 245 having the treated sidewalls 25. In
FIG. 13, that mixture has been treated to laterally separate the
one and another immiscible materials along at least one eleva-
tion 28 between adjacent spaced first features 245. The act of
laterally separating has formed along elevation 28 a laterally
intermediate region 30 between two laterally outer regions
32, wherein region 30 comprises the one or another immis-
cible material having greater interfacial energy relative to
treated sidewalls 25 than does the other of the one and another
immiscible materials of regions 32 which has lower interfa-
cial energy relative to treated sidewalls 25. In one embodi-
ment, the act of laterally separating forms laterally outer
regions 32 to respectively be directly against a respective one
of treated sidewalls 25. Volumes of the one and another
immiscible materials may be chosen to produce different
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constructions when lateral separation occurs, for example the
construction of FIG. 9 with respect to regions 30a and 32a, or
other constructions.

One of a) laterally intermediate regions 30, or b) laterally
outer regions 32, are removed to form spaced second features
over the substrate. FIG. 14 shows an example embodiment
wherein laterally intermediate regions 30 (not shown) have
been removed to form spaced second features 345 and a
resultant pattern 355 over substrate 12. An example removal
technique includes chemically etching material of intermedi-
ate region 30 selectively relative to laterally outer regions 32
and material of spaced first features 244.

FIG. 15 shows additional or alternate processing from that
of FIG. 14 with respect to a substrate 10c¢. Like numerals from
the above-described embodiments have been used where
appropriate, with some construction differences being indi-
cated with the suffix “c”. FIG. 15 shows an embodiment
wherein the act of removing is also of laterally intermediate
regions 30 (not shown). Additionally, at least a portion of
spaced first features 245 (not shown) has been removed in
forming spaced second features 34¢ over substrate 12 to form
apattern 35¢. In one embodiment and as shown, all of spaced
first features 245 (not shown) have been removed. Removal of
atleast some of spaced first features 245 when conducted may
occur commensurate with the removing of laterally interme-
diate regions 30 (not shown) or separately.

FIG. 16 shows an alternate example processing embodi-
ment with respect to a substrate 104. Like numerals from the
above-described embodiments have been used where appro-
priate, with some construction differences being indicated
with the suffix “d”. In FIG. 16, the act of removing is of
laterally outer regions 32 (not shown) as opposed to interme-
diate regions 30 and the first features, thereby producing a
pattern 35d of spaced second features 34d.

Example additional embodiments of methods of patterning
a substrate are next described with respect to a substrate 10e
as shown in FIGS. 17-20. Like numerals from the above-
described embodiments have been used where appropriate,
with some construction differences being indicated with the
suffix “e” or with different numerals. Referring to FIG. 17,
spaced first features 245 have been formed over substrate 12.
The spaced first features may alternately be of a construction
as described with respect to FIG. 4, or of other constructions.
The sidewalls of spaced first features 245 may be treated (not
shown) in accordance with the description pertaining to the
FIG. 11 embodiments. Regardless, a mixture 26 of immis-
cible materials has been provided between spaced first fea-
tures 24b. The immiscible materials of mixture 26 in FIG. 17
may be different from those in the above-described embodi-
ments. Alternately and/or additionally, composition of a)
bases 23, and/or b) sidewalls of spaced first features 24b may
be different from those in the above-described embodiments.

Referring to FIG. 18, mixture 26 of FIG. 17 has been
processed to laterally separate at least two of the immiscible
materials along at least one elevation 28 between adjacent
spaced first features 24b. The act of laterally separating has
formed a laterally intermediate region 40 comprising one of
the immiscible materials that is surrounded laterally and
elevationally by another region 42 comprising another of the
immiscible materials. Such processing may occur using tech-
niques as described above. In one embodiment, the another
immiscible material of region 42 has lower surface tension
than the one immiscible material of region 40 with respect to
anatmosphere in which eachisreceived (i.e., at least initially)
during the act of laterally separating. The another immiscible
material of region 42 may have lower interfacial energy (e.g.,
greater wetting tendency) with respect to a base 23 between
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adjacent spaced first features 245 than does the one immis-
cible material of intermediate region 40. The another immis-
cible material of surrounding region 42 may have lower inter-
facial energy (e.g., greater wetting tendency) with respect to
sidewalls of first features 245 than does the one immiscible
material of intermediate region 40.

One of a) the laterally intermediate regions, or b) the
another material that is laterally outward of the laterally inter-
mediate regions, are removed to form spaced second features
over the substrate. FIGS. 19 and 20 show an embodiment
wherein the act of removing is of the another material of
regions 42 that are laterally outward of laterally intermediate
regions 40. Regardless, the act of removing may occur by
etching and/or other methods. As an example, FIG. 19 shows
initial removal of material of surrounding regions 42
inwardly at least to a point of exposing intermediate regions
40. FIG. 20 shows subsequent or continued removing of
material of regions 42 that is laterally outward of intermediate
regions 40 elevationally inward to bases 23, thereby forming
apattern 35¢ of spaced second features 34e over substrate 12.
An anisotropic etch of material 42 conducted selectively rela-
tive to material 40 may be used to produce the processing
from FIG. 18 to FIG. 20.

FIGS. 21 and 22 show an alternate example embodiment
wherein the act of removing is of the laterally intermediate
regions. Like numerals from the above-described embodi-
ments have been used where appropriate, with some con-
struction differences being indicated with the suffix “t”. FIG.
21 shows a substrate 10/ which has been processed differently
in comparison to that of FIG. 20. Specifically, intermediate
regions 40 (not shown) that were shown in FI1G. 19 have been
removed selectively relative to material of remaining sur-
rounding region 42. In FIG. 22, the remaining material of
surrounding region 42 has been anisotropically etched
inwardly to form a pattern 35/ comprising spaced second
features 34f over substrate 12.

Additional example embodiments of methods of pattern-
ing a substrate in accordance with the invention are next
described with respect to a substrate 10g in connection with
FIGS. 23-26. Like numerals from the above-described
embodiments have been used where appropriate, with some
construction differences being indicated with the suffix “g” or
with different numerals. Referring to FIG. 23, spaced first
features 245 have been formed over substrate 12. The spaced
first features may alternately be of a construction as described
with respect to FIG. 4, or of other constructions. The side-
walls of spaced first features 245 may be treated (not shown)
in accordance with the description pertaining to the FIG. 11
embodiments. Regardless, a mixture 26 of immiscible mate-
rials has been provided between spaced first features 245. The
immiscible materials of mixture 26 in FIG. 23 may be difter-
ent from those in the above-described embodiments. Alter-
nately and/or additionally, composition of a) bases 23, and/or
b) sidewalls of spaced first features 245 may be different from
those in the above-described embodiments.

Referring to FIG. 24, substrate 10g has been processed to
laterally separate at least two of the immiscible materials
along at least one elevation 28 between adjacent spaced first
features 245. Such has formed an elevationally outermost
region 46 comprising one of the immiscible materials which
covers an elevationally innermost region 48 comprising
another of the immiscible materials. Elevationally outermost
region 46 and elevationally innermost region 48 have a curved
(i.e., non-straight) interface 47 there-between. Curved inter-
face 47 might be continuously curved and/or have differently
curved portions, including one or more intervening straight
portions. FIG. 24 shows an example embodiment where inter-
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face 47 is curved elevationally outward (e.g., is substantially
convex). In one embodiment, the another immiscible material
of innermost region 48 has greater surface tension than the
one immiscible material of outermost region 46 with respect
to an atmosphere in which each is received (i.e., at least
initially) during the act of laterally separating. The another
immiscible material of innermost region 48 may have lower
interfacial energy (e.g., greater wetting tendency) with
respect to a base 23 (FIG. 23) between adjacent spaced first
features 245 than does the one immiscible material of eleva-
tionally outermost region 46. The one immiscible material of
outermost region 46 may have lower interfacial energy (e.g.,
greater wetting tendency) with respect to sidewalls of first
features 245 than does the another immiscible material of
innermost region 48.

Substrate 10g of FIG. 24 between features 245 may be
considered as comprising a laterally intermediate region 50 of
the two immiscible materials of regions 46 and 48, and later-
ally outer regions 52 of the two immiscible materials of
regions 46 and 48 that are laterally outward of laterally inter-
mediate region 50. One of a) laterally intermediate regions 50
of the two immiscible materials, or b) laterally outer regions
52 of the two immiscible materials between adjacent spaced
first features 245, are removed to form spaced second features
over substrate 12. Example processing wherein the act of
removing is of laterally intermediate regions 50 is described
with reference to FIGS. 25 and 26. Referring to FIG. 25,
elevationally outermost region 46 has been removed inwardly
to expose elevationally innermost region 48, forming lateral
outer regions 52 to still comprise the one immiscible material
of region 46 elevationally over the another immiscible mate-
rial of innermost region 48. Remaining of the laterally inter-
mediate regions 50 may predominantly comprise the another
immiscible material of elevationally innermost region 48.

Referring to FIG. 26, the another immiscible material of
the remaining of laterally intermediate regions 50 has been
anisotropically etched substantially selectively relative to the
remaining one immiscible material of elevationally outer-
most regions 46, thereby forming a spaced pattern 35g of
spaced second features 34g over substrate 12. Additionally,
some or all of remaining portions of first features 245 of FIG.
25 could be removed (not shown).

FIGS. 27 and 28 show an alternate embodiment substrate
10/ in a method of patterning a substrate analogous to that
described above with respect to FIGS. 25 and 26 but wherein
the act of removing is of the laterally outer regions. Like
numerals from the above-described embodiments have been
used where appropriate, with some construction differences
being indicated with the suffix “h” or with different numerals.
Referring to FIG. 27, all of elevationally outermost regions 46
(not shown) has been removed inwardly to expose elevation-
ally outward curving outer surfaces 54 of elevationally inner-
most regions 48. Surfaces 54 may be the same as interfaces
47. Alternately, removal of some of innermost regions 48 may
occur wherein the previously defining interface lines 47 are
removed and outer surfaces 54 are elevationally inward
thereof.

Referring to FIG. 28, the another immiscible material of
elevationally innermost regions 48 has been removed eleva-
tionally inward to substrate 12 to remove remaining of later-
ally outer regions 52/ and leave a remnant of material 48 to
form laterally intermediate region 50%. Thereby, a pattern 354
comprising spaced second features 34/ over substrate 12 has
been formed. Additionally, remaining portions of first fea-
tures 245 of FIG. 27 could be removed (not shown).

Additional methods of patterning a substrate are next
described with reference to FIGS. 29-31 with respect to a
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substrate 10;. Like numerals from the above-described
embodiments have been used where appropriate, with some
construction differences being indicated with the suffix “j” or
with different numerals. FIG. 29 shows substrate 10/ analo-
gous to the substrate of FIG. 24, but wherein interface 47; is
curved elevationally inward (e.g., is substantially concave).
The immiscible materials of a mixture which is used to pro-
duce the construction of FIG. 29 may be different from those
in the above-described embodiments. Alternately and/or
additionally, composition of a) bases 23, and/or b) sidewalls
of'spaced first features 245 may be different from those in the
above-described embodiments. In one embodiment, the
another immiscible material of innermost region 48; has
greater surface tension than the one immiscible material of
outermost region 46/ with respect to an atmosphere in which
each is received (i.e., at least initially) during the act of later-
ally separating. The another immiscible material of innermost
region 48 may have lower interfacial energy (e.g., greater
wetting tendency) with respect to bases 23 between adjacent
spaced first features 245 than does the one immiscible mate-
rial. The another immiscible material may have lower inter-
facial energy (e.g., great wetting tendency) with respect to
sidewalls of spaced first features 245 than does the one
immiscible material of outermost region 46/.

Referring to FIG. 30, all of elevationally outermost regions
46; (not shown) has been removed inwardly to expose an
elevationally inward curving outer surface 54; of elevation-
ally innermost regions 48;. Surface 54/ may be the same as
interface 47;. Alternately, removal of some of innermost
regions 48j may occur wherein the previously defining inter-
face lines 47j are removed and outer surfaces 54; are eleva-
tionally inward thereof.

Referring to FIG. 31, the another immiscible material of
elevationally innermost regions 48; has been removed eleva-
tionally inward to substrate 12 to remove remaining of later-
ally intermediate regions 50; and leave a remnant of material
48; to form laterally outer regions 52;. Thereby, a pattern 35;
comprising spaced second features 345 over substrate 12 has
been formed. Additionally, remaining portions of first fea-
tures 245 of FIG. 30 could be removed (not shown).

Additional methods of patterning a substrate are next
described with reference to FIGS. 32 and 33 with respect to a
substrate 10k. Like numerals from the above-described
embodiments have been used where appropriate, with some
construction differences being indicated with the suffix “k” or
with different numerals. FIG. 32 shows substrate 104 analo-
gous to the substrate of FIG. 30, but wherein the one admis-
sible material 46k of outermost regions 52k remains eleva-
tionally over the another admissible material 48% to form
laterally intermediate region 50% and laterally outer regions
52k. Laterally outer regions 52k and laterally intermediate
region 50/ may be of the same lateral dimensions relative one
another or of different lateral dimensions relative one another
and/or that of the FIG. 30 embodiment, with different lateral
dimensions being shown in FIG. 32.

Referring to FIG. 33, the another admissible material 48%
that was within the remaining of laterally outer regions 52%
has been anisotropically etched selectively relative to the one
admissible material atop laterally intermediate region 50k to
form a pattern 35k comprising spaced second features 34%
over substrate 12.

CONCLUSION

In some embodiments, a method of patterning a substrate
comprises forming spaced first features over a substrate. Indi-
vidual of the spaced first features comprise sidewall portions
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of different composition than material that is laterally
between the sidewall portions. A mixture of immiscible mate-
rials is provided between the spaced first features. Atleast two
of the immiscible materials are separated along at least one
elevation between adjacent spaced first features. The act of
laterally separating forms a laterally intermediate region
comprising one of the immiscible materials between two
laterally outer regions comprising another of the immiscible
materials along the one elevation. The laterally outer regions
are removed and material of the spaced first features is
removed between the sidewall portions to form spaced sec-
ond features over the substrate.

In some embodiments, a method of patterning a substrate
comprises forming spaced first features over a substrate.
Sidewalls of the spaced first features are treated to change
interfacial energy of one immiscible material relative to the
sidewalls in comparison to interfacial energy of another
immiscible material relative to the sidewalls. A mixture com-
prising the one and another immiscible materials is provided
between the spaced first features having the treated sidewalls.
The one and another immiscible materials are laterally sepa-
rated along at least one elevation between adjacent spaced
first features. The act of laterally separating forms along the
one elevation a laterally intermediate region comprising the
one or another immiscible material having greater interfacial
energy relative to the treated sidewalls between two laterally
outer regions comprising the other of the one and other
immiscible materials having lower interfacial energy relative
to the treated sidewalls. One of a) the laterally intermediate
regions, or b) the laterally outer regions, are removed to form
spaced second features over the substrate.

In some embodiments, a method of patterning a substrate
comprises forming spaced first features over a substrate. A
mixture of immiscible materials is provided between the
spaced first features. At least two of the immiscible materials
are laterally separated along at least one elevation between
adjacent spaced first features. The act of laterally separating
forms a laterally intermediate region comprising one of the
immiscible materials that is surrounded laterally and eleva-
tionally by a region comprising another of the immiscible
materials. One of a) the laterally intermediate regions, or b)
the another material that is laterally outward of the laterally
intermediate regions, are removed to form spaced second
features over the substrate.

In some embodiments, a method of patterning a substrate
comprises forming spaced first features over a substrate. A
mixture of immiscible materials is provided between the
spaced first features. At least two of the immiscible materials
are laterally separated along at least one elevation between
adjacent spaced first features. The act of laterally separating
forms an elevationally outermost region comprising one of
the immiscible materials which covers an elevationally inner-
most region comprising another of the immiscible materials.
The elevationally outermost and innermost regions have a
curved interface there-between. After the act of laterally sepa-
rating, one of a) a laterally intermediate region of the two
immiscible materials, or b) laterally outer regions of the two
immiscible materials that are laterally outward of the laterally
intermediate region, are removed from between adjacent
spaced first features to form spaced second features over the
substrate.

In compliance with the statute, the subject matter disclosed
herein has been described in language more or less specific as
to structural and methodical features. It is to be understood,
however, that the claims are not limited to the specific features
shown and described, since the means herein disclosed com-
prise example embodiments. The claims are thus to be
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afforded full scope as literally worded, and to be appropri-
ately interpreted in accordance with the doctrine of equiva-
lents.

The invention claimed is:

1. A method of patterning a substrate, comprising:

forming spaced first features over a substrate, individual of

the spaced first features comprising sidewall portions of
different composition than material that is laterally
between the sidewall portions;

providing a mixture of immiscible materials between the

spaced first features;

laterally separating at least two of the immiscible materials

along at least one elevation between adjacent spaced first
features, the laterally separating forming a laterally
intermediate region comprising one of the immiscible
materials between two laterally outer regions compris-
ing another of the immiscible materials along the one
elevation; and

removing the laterally outer regions and removing the

material of the spaced first features between the sidewall
portions to form spaced second features over the sub-
strate, the spaced second features comprising a combi-
nation of the different composition material of the side-
wall portions and the one immiscible material of the
laterally intermediate regions.

2. The method of claim 1 comprising treating sidewalls of
the sidewall portions to change interfacial energy of the one or
the another of the immiscible materials relative to the side-
walls in comparison to the other of the one and another
immiscible materials.

3. The method of claim 1 wherein the mixture comprises
unequal volumes of the one and another immiscible materi-
als.

4. The method of claim 1 comprising forming the sidewall
portions by anisotropically etching a layer deposited over the
material received between the sidewall portions to form the
sidewall portions to comprise sidewall spacers.

5. The method of claim 1 wherein the laterally separating
forms the laterally intermediate and outer regions to each
have exposed elevationally outermost surfaces.

6. The method of claim 5 wherein the one and another
immiscible materials have equal surface tensions with respect
to an atmosphere in which each is received during the later-
ally separating, the one and another immiscible materials
have equal interfacial energies with respect to a base between
the adjacent spaced first features, and the another immiscible
material has lower interfacial energy with respect to sidewalls
of the sidewall portions than does the one immiscible mate-
rial.

7. A method of patterning a substrate, comprising:

forming spaced first features over a substrate, individual of

the spaced first features comprising sidewall portions of
different composition than material that is laterally
between the sidewall portions;

providing a mixture of immiscible materials between the

spaced first features;

laterally separating at least two of the immiscible materials

along at least one elevation between adjacent spaced first
features, the laterally separating forming a laterally
intermediate region comprising one of the immiscible
materials between two laterally outer regions compris-
ing another of the immiscible materials along the one
elevation;

removing the laterally outer regions and removing the

material of the spaced first features between the sidewall
portions to form spaced second features over the sub-
strate; and
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the laterally separating forming the laterally intermediate
region to be surrounded laterally on both sides and eleva-
tionally top and bottom by the another of the immiscible
materials.
8. A method of patterning a substrate, comprising:
forming spaced first features over a substrate, individual of
the spaced first features comprising sidewall portions of
different composition than material that is laterally
between the sidewall portions;
providing a mixture of immiscible materials between the
spaced first features;
laterally separating at least two of the immiscible materials
along at least one elevation between adjacent spaced first
features, the laterally separating forming a laterally
intermediate region comprising one of the immiscible
materials between two laterally outer regions compris-
ing another of the immiscible materials along the one
elevation;
removing the laterally outer regions and removing the
material of the spaced first features between the sidewall
portions to form spaced second features over the sub-
strate; and
the laterally separating-forming an elevationally outermost
region comprising the one immiscible material which
covers an elevationally innermost region comprising the
another immiscible material, the elevationally outer-
most and innermost regions having a curved interface
there-between that individually extends from one side-
wall portion to another sidewall portion of immediately
adjacent of the spaced first features.
9. The method of claim 8 wherein,
the interface is curved elevationally inward;
the elevationally outermost region comprises the one
immiscible material and the elevationally innermost
region comprises the another immiscible material; and
the removing is of the laterally intermediate region, the
removing comprising:
removing all of the elevationally outermost region
inwardly to expose an elevationally inward curving
outer surface of the elevationally innermost region;
and
after removing all of the elevationally outermost region,
removing the another immiscible material of the
elevationally innermost region elevationally inward
to the substrate to form remnant of the laterally outer
regions to be spaced from one another.
10. The method of claim 8 wherein,
the interface is curved elevationally inward;
the elevationally outermost region comprises the one
immiscible material and the elevationally innermost
region comprises the another immiscible material; and
the removing is of the laterally outer regions, the removing
comprising:
removing the elevationally outermost region inwardly to
expose the elevationally innermost region and form-
ing the laterally intermediate region to comprise the
one immiscible material elevationally over the
another immiscible material; and
after exposing the elevationally innermost region, aniso-
tropically etching the another immiscible material of
the remaining of the laterally outer regions selectively
relative to the one immiscible material.
11. A method of patterning a substrate, comprising:
forming spaced first features over a substrate, individual of
the spaced first features comprising sidewall portions of
different composition than material that is laterally
between the sidewall portions;
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providing a mixture of immiscible materials between the
spaced first features;
laterally separating at least two of the immiscible materials
along at least one elevation between adjacent spaced first
features, the laterally separating forming a laterally
intermediate region comprising one of the immiscible
materials between two laterally outer regions compris-
ing another of the immiscible materials along the one
elevation;
removing the laterally outer regions and removing the
material of the spaced first features between the sidewall
portions to form spaced second features over the sub-
strate; and
the laterally separating forming an elevationally outermost
region comprising the one immiscible material which
covers an elevationally innermost region comprising the
another immiscible material, the elevationally outer-
most and innermost regions having a curved interface
there-between, the interface being curved elevationally
outward and the removing is of the laterally intermediate
region, and comprising:
removing the elevationally outermost region inwardly to
expose the elevationally innermost region and form-
ing the lateral outer regions to comprise the one
immiscible material elevationally over the another
immiscible material; and
after exposing the elevationally innermost region, aniso-
tropically etching the another immiscible material of
the remaining of the laterally intermediate region
selectively relative to the one immiscible material.
12. A method of patterning a substrate, comprising:
forming spaced first features over a substrate, individual of
the spaced first features comprising sidewall portions of
different composition than material that is laterally
between the sidewall portions;
providing a mixture comprising two immiscible materials
between the spaced first features, the mixture compris-
ing equal volumes of the two immiscible materials;
laterally separating the two immiscible materials along at
least one elevation between adjacent spaced first fea-
tures, the laterally separating forming a laterally inter-
mediate region comprising one of the two immiscible
materials between two laterally outer regions compris-
ing the other of the two immiscible materials along the
one elevation, sum of volumes of the two laterally outer
regions equaling volume of the laterally intermediate
region; and
removing the laterally outer regions and removing the
material of the spaced first features between the sidewall
portions to form spaced second features over the sub-
strate.
13. A method of patterning a substrate, comprising:
forming spaced first features over a substrate;
providing a mixture of immiscible materials between the
spaced first features;
laterally separating at least two of the immiscible materials
along at least one elevation between adjacent spaced first
features, the laterally separating forming an elevation-
ally outermost region comprising one of the immiscible
materials which covers an elevationally innermost
region comprising another of the immiscible materials,
the elevationally outermost and innermost regions hav-
ing a curved interface there-between that individually
extends from one sidewall to another sidewall of imme-
diately adjacent of the spaced first features; and
after the laterally separating, removing from between adja-
cent spaced first features one of a) a laterally intermedi-
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ate region of the two immiscible materials, or b) laterally
outer regions of the two immiscible materials that are
laterally outward of the laterally intermediate region, to
form spaced second features over the substrate.
5 14. The method of claim 13 wherein the removing is of the
laterally outer regions.
15. The method of claim 14 wherein the removing com-
prises:
removing all of the elevationally outermost region
inwardly to expose an elevationally outward curving
outer surface of the elevationally innermost region; and

after removing all of the elevationally outermost region,
removing the another immiscible material of the eleva-
tionally innermost region elevationally inward to the
substrate to remove remaining of the laterally outer
regions and leave a remnant of the laterally intermediate
region.

16. The method of claim 13 wherein the interface is curved
elevationally outward.

17. The method of claim 16 wherein the another immis-
cible material has greater surface tension than the one immis-
cible material with respect to an atmosphere in which each is
received during the laterally separating, the another immis-
cible material has lower interfacial energy with respect to a
base between the adjacent spaced first features than does the
one immiscible material, and the one immiscible materials
has lower interfacial energy with respect to sidewalls of the
first features than does the another immiscible material.

18. The method of claim 16 wherein the removing is of the
laterally intermediate region.

19. The method of claim 13 wherein the interface is curved
elevationally inward.

20. The method of claim 19 wherein the another immis-
cible material has greater surface tension than the one immis-
cible material with respect to an atmosphere in which each is
received during the laterally separating, the another immis-
cible material has lower interfacial energy with respect to a
base between the adjacent spaced first features than does the
one immiscible material, and the another immiscible material
has lower interfacial energy with respect to sidewalls of the
first features portions than does the one immiscible material.

21. The method of claim 19 wherein,

the elevationally outermost region comprises the one

immiscible material and the elevationally innermost

region comprises the another immiscible material; and

the removing is of the laterally outer regions, the removing

comprising:

removing the elevationally outermost region inwardly to
expose the elevationally innermost region and form-
ing the laterally intermediate region to comprise the
one immiscible material elevationally over the
another immiscible material; and

after exposing the elevationally innermost region, aniso-
tropically etching the another immiscible material of
the remaining of the laterally outer regions selectively
relative to the one immiscible material.

22. A method of patterning a substrate, comprising:

forming spaced first features over a substrate;

providing a mixture of immiscible materials between the

spaced first features;

laterally separating at least two of the immiscible materials

along at least one elevation between adjacent spaced first
features, the laterally separating forming an elevation-
ally outermost region comprising one of the immiscible
materials which covers an elevationally innermost
region comprising another of the immiscible materials,
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the elevationally outermost and innermost regions hav-
ing a curved interface there-between;
after the laterally separating, removing from between adja-
cent spaced first features one of a) a laterally intermedi-
ate region of the two immiscible materials, or b) laterally
outer regions of the two immiscible materials that are
laterally outward of the laterally intermediate region, to
form spaced second features over the substrate;
the interface being curved elevationally outward;
the removing being of the laterally intermediate region;
and comprising:
removing the elevationally outermost region inwardly to
expose the elevationally innermost region and form-
ing the lateral outer regions to comprise the one
immiscible material elevationally over the another
immiscible material; and
after exposing the elevationally innermost region, aniso-
tropically etching the another immiscible material of
remaining of the laterally intermediate region selec-
tively relative to the one immiscible material.
23. A method of patterning a substrate, comprising:
forming spaced first features over a substrate;
providing a mixture of immiscible materials between the
spaced first features;
laterally separating at least two of the immiscible materials
along at least one elevation between adjacent spaced first
features, the laterally separating forming an elevation-
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ally outermost region comprising one of the immiscible
materials which covers an elevationally innermost
region comprising another of the immiscible materials,
the elevationally outermost and innermost regions hav-
ing a curved interface there-between;
after the laterally separating, removing from between adja-
cent spaced first features one of a) a laterally intermedi-
ate region of the two immiscible materials, or b) laterally
outer regions of the two immiscible materials that are
laterally outward of the laterally intermediate region, to
form spaced second features over the substrate;
the interface being curved elevationally inward;
the elevationally outermost region comprises the one
immiscible material and the elevationally innermost
region comprises the another immiscible material; and
the removing is of the laterally intermediate region, the
removing comprising:
removing all of the elevationally outermost region
inwardly to expose an elevationally inward curving
outer surface of the elevationally innermost region;
and
after removing all of the elevationally outermost region,
removing the another immiscible material of the
elevationally innermost region elevationally inward
to the substrate to form remnant of the laterally outer
regions to be spaced from one another.
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